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Introduction 
Tardigrades are hydrophilic microscopic invertebrates belonging to the 
phylum Tardigrada and are more commonly known as ‘water bears’. They 
were first discovered in 1773 by Goeze and since this time many species 
have been described (Romano 2003). They require a film of water to remain 
active and are found in marine, freshwater and terrestrial ecosystems ranging 
from deep sea abysses to the tops of mountains (Ramazzotti and Maucci 
1983, Kinchin 1994). Tardigrades have a bilaterally symmetrical body plan 
with four pairs of lobopodous legs terminating in claws or sucking disks. The 
adults average 200- 500µm in size, although some adults reach 1200 µm and 
juveniles can be much smaller. Reproduction is either sexual or by 
parthenogenesis and males are generally smaller in size than females. The 
fluid-filled body cavity functions in respiration and circulation and they have a 
full digestive system (Nelson 2002). 
 
Tardigrade life span is estimated at 3-30 months. This does not include 
periods of latency that may increase the life span greatly. Species with the 
ability to enter cryptobiosis are thought to have longer life spans than those 
that do not. Terrestrial species from the genera Macrobiotus and Hypsibius 
live for 4-12 years whereas the freshwater species from these genera live for 
1-2 years, this is because of the inability of the freshwater species to enter 
cryptobiosis (Ramazzotti and Maucci 1983). Throughout life, tardigrades 
undergo periods of molting which last from 5-10 days (Walz 1982). Body size 
increases with each molt until the maximum size is reached and they will 
continue to molt and grow even after sexual maturity (Nelson 2002). During 
molting the old cuticle, claws and foregut and hindgut lining are shed and the 
tardigrade is unable to feed (Walz 1982). 
 
There are two major classes in the Phylum; Eutardigrada and 
Heterotardigrada (table 1). The Eutardigrada primarily include the 
‘unarmoured’ freshwater and terrestrial species, they are identifiably by their 
claw and cuticle structures and by the buccal apparatus (Nelson and Marley 
2000). The Heterotardigrada mainly include the ‘armoured’ terrestrial and the 
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marine species, the key morphological features include the cephalic 
appendages, cuticular extensions and the patterns of dorsal cuticular plates 
(Nelson and Marley 2000). There is a third class; Mesotardigrada (table 1) 
which consists of one species, Thermozodium esakii Rahm. This species was 
found in hot springs near Nagasaki in Japan, however the type locality and 
specimens were destroyed during an earthquake and no other 
mesotardigrades have been found since (Nelson 2002). 
 
Table 1: Subdivision of the Phylum Tardigrada with habitat classifications (adapted 
from Nelson 2001) 
 
 
 
Latency in tardigrades 
All species of tardigrades are aquatic as they require a film of water to be 
active but many species are able to enter a latent state when environmental 
conditions become unfavourable. By entering this latent state they are able to 
withstand extremes in temperature, desiccation, low oxygen and salinity 
variations. During these periods of latency, reproduction, metabolism and 
growth are suspended or slowed (Bertolani et al. 2004). Whilst in a latent 
state tardigrades have been subjected to a vacuum    nsson et al. 2008) and 
ionizing radiation and survived. In 2007 Milnesium tardigradum and 
Richtersius coronifer were sent into space and survived the exposure to low 
temperatures, cosmic and solar radiation and microgravity; however egg 
production was reduced (  nsson et al.      . In laboratory experiments, 
Richtersius coronifer had a survival rate of 96-100 percent when exposed to a 
vacuum and survived instant freezing to -195.8°C (Persson et al. 2009). It is 
suggested that the ability of tardigrades to survive these extreme conditions is 
a result of efficient DNA repair    nsson et al.      . 
 
Five types of latency have been identified; anhydrobiosis, cryobiosis, 
anoxybiosis, osmobiosis and encystment (Crowe 1975). Latency strategies 
Class Order Family Habitat Main genera 
Heterotardigrada Arthrotardigrada  M Many, except Styraconyx hallasi (F) 
 Echiniscoidea  M, F, T  
  Echiniscoididae M Echiniscoides; Anisonyches 
  Oreellidae T Oreella 
  Carphaniidae F Carphania 
  Echiniscidae 
T, 
some F 
Echniscus; Hypechiniscus; Pseudechiniscus 
Mesotardigrada 
(dubious) 
Thermozodia Thermozodiidae 
Hot 
spring 
Thermozodium 
Eutardigrada Parachela  M, F, T  
  Macrobiotidae T, F 
Adorybiotus; Calcarobiotus; Dactylobiotus; Macrobiotus; 
Macroversum; Minibiotus; Murrayon; Pseudodiphascon; 
Pseudohexapodibius; Richtersius; Xerobiotus 
  Calohypsibiidae T 
Calohypsibius; Haplohexapodibius; Haplomacrobiotus; 
Hexapodibius; Parhexapodibius 
  Eohypsibiidae T, F Eohypsibius; Amphibolus 
  Micrphypsibiidae T Microhypsibius; Fractonotus 
  Hypsibiidae M, T, F 
M = Halobiotus; Ramajendas; Isohypsibius; T & F = 
Acutuncas; Astatuman; Diphascon; Doryphoribius; 
Eromobiotus; Hebesuncus; Hypsibius; Isohypsibius; 
Itaquascon; Fujiscon; Mesocrista; Mixibius; 
Paradiphascon; Parascon; Platicrista; Pseudobiotus; 
Ramajendas; Ramazzottius; Thulinia 
  
Necopinatidae 
Incertae sedis 
T 
T 
Necopinatum 
Apodibius 
 Apochela Milnesiidae T Milnesium; Limmenius; Milnesioides 
 M – marine; F – freshwater; T - terrestrial 
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can be divided into two categories; diapause and quiescence. Diapause are 
those with endogenous control which are induced by environmental factors 
and are maintained and ended by an internal physiological response (Hand 
1991). Quiescence are those with exogenous control which are induced and 
maintained by environmental conditions and end when the conditions are 
again favourable (Keilin 1959, Hand 1991) . Within tardigrades, cryptobiosis 
represents quiescence and encystment represents diapause (Guidetti and 
Rebecchi 2011).  
 
Cryptobiosis 
Cryptobiosis is mostly seen in terrestrial tardigrades although it is also seen in 
a few marine species including species from the heterotardigrada genus 
Echiniscoides and the eutardigrade, Halobiotus crispea (Grøngaard et al. 
1990, Wright et al. 1992). The ability to enter cryptobiosis enables tardigrades 
to survive in harsh areas where conditions are not always favourable. 
Tardigrades can enter cryptobiosis during any phase of their life cycle and the 
duration of the state can vary depending of the length of the adverse 
environmental conditions and the species ability to survive long periods of 
cryptobiosis (Bertolani et al. 2004). A study by Bertolani et al. (2004) showed 
that Rammazottius oberhaeuseri had better long-term survival than 
Echiniscus sp. in anhydrobiosis. This portrays the variation in cryptobiotic 
capabilities between different species. Cryptobiosis can be divided into four 
distinct types that relate to the environmental conditions that trigger the latent 
state.  
 
Anhydrobiosis is seen in terrestrial tardigrades and echiniscids and is induced 
by evaporative water loss. It is the most studied form of cryptobiosis (Bertolani 
et al. 2004). To enter anhydrobiosis, tardigrades form a tun by contracting 
their body and in doing so loose most of their bound and free water (>95%) 
whilst synthesizing cell protectants, for example heat shock proteins and 
trehalose (Westh and Ramløv 1991, Ramløv and Westh 2001), and they 
either suspend or reduce their metabolism (Clegg 2001, Wright 2001). This 
enables limno-terrestrial tardigrades to enter an environmentally resistant 
state during which they can survive periods of desiccation (Bertolani et al. 
2004) which may occur often to tardigrades living in bryophyte cushions, 
lichens, leaf litter and tree bark. Whilst in anhydrobiosis, individuals are able 
to withstand extremes of high and low temperatures.  
 
Species abilities to withstand below freezing in a desiccated state have been 
seen in many experiments. High survival rates were seen in three desiccated 
Antarctic species when the species were exposed to -22°C for eight years 
(Somme and Meier 1995) and also in species of Antarctic soil tardigrades 
exposed to -70°C for over six years (Newsham et al. 2006). Ramløv and 
Westh (2001) observed no decreases in survival in desiccated Richtersius 
coronifer when exposed to 70°C for one hour in a moss cushion but at 
temperatures above 70°C survival was reduced. These experiments 
demonstrate increased tolerance to stresses whilst in an anhydrobiotic state 
which allow these organisms to survive in highly variable and extreme 
conditions.  
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There is uncertainty surrounding the factors that maintain survival whilst the 
organism is in an anhydrobiotic state. Crowe (1975) showed increased levels 
in the bioprotectant trehalose in individuals of Macrobiotus areolatus whilst in 
an anhydrobiotic state, although   nsson and  ersson        found no 
significant changes in levels of trehalose in active and anhydrobiotic 
individuals of Milnesium tardigradum. Other studies have also shown little 
change in trehalose levels during anhydrobiosis in other species (Hengherr et 
al. 2008). Heat shock proteins are also though to protect the cells during 
anhydrobiosis but studies also show contradicting results between different 
species (Guidetti and Rebecchi 2011). 
 
Cryobiosis is induced by low temperatures and is the ability of active animals 
to survive freezing and thawing. Cryobiotic tardigrades have been seen to 
survive temperatures as low as -196°C (Ramløv and Westh 2001). It is seen 
in freshwater and terrestrial species found in polar regions (Somme and Meier 
1995) and in alpine areas in temperate and tropical regions (Halberg et al. 
2009, Hengherr et al. 2009, Rebecchi et al. 2009). This ability to survive 
periods of freezing and thawing allows tardigrades to inhabit polar and 
mountain regions where they would otherwise not survive.  
 
Anoxybiosis is induced by low oxygen tensions in the environmental water 
(Nelson 2002) and length of survival in this state depends on the species. 
Truly aquatic species can only survive short periods, from a few hours to three 
days, whereas Echiniscoides species have been seen to survive for months in 
seawater containing decaying barnacles (Wright et al. 1992).  
 
Osmobiosis is caused by high osmotic pressures, some limno-terrestrial and 
freshwater species form contracted tuns in varying salt solutions, whereas 
some terrestrial euryhaline and intertidal marine species can survive varying 
levels of salinities (Wright et al. 1992). All the cryptobiotic states allow 
essentially aquatic organisms to survive in terrestrial habitats with highly 
variable environmental conditions. 
 
Encystment 
Terrestrial tardigrades living in soil and moss and more commonly freshwater 
species are able to enter a state of encystment (Westh and Kristensen 1992). 
Cysts are composed of a number of cuticles surrounding the animal and 
metabolism is reduced, although not as much water is lost as in cryptobiosis. 
Encystment is maintained by internal physiological responses and is not an 
obligatory part of a tardigrades life cycle (Bertolani et al. 2004). Cysts are 
drought resistant but not able to withstand high temperatures due to the high 
water content and they can last a year before exhausting their food reserves 
(Westh and Kristensen 1992). 
 
Habitats 
Tardigrades are found in a number of different niches in a range of marine, 
freshwater and terrestrial ecosystems (Nelson 2002).  
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Marine 
Within marine systems, tardigrades are found within intertidal areas to deep 
sea abysses (Renaud-Mornant 1982). Within the subtidal zones, tardigrade 
species can be semibenthic, epibenthic or mud and deep-sea ooze 
inhabitants. Epibenthic species are found on coral and algae species and 
subtidal tardigrades can be found in many types of substrate (Nelson 2002). 
Halobiotus crispae is a marine eutardigrade found in Greenland which 
undergoes cyclomorphosis, an annual cycle of morphological change that 
allows survival during harsh environmental conditions and short breeding 
seasons. During this cycle there are two distinct forms, pseudosimplex 1 and 
pseudosimplex 2. Pseudosimplex 1 is the sexually immature, hibernating 
winter morph. Individuals of this species gather to survive the harsh winter in 
sheltered areas and undergo synchronized development of the gonads. This 
results in the summer pseudosimplex 2 morphs reaching sexual maturity at 
the same time and then breeding. The process enables the species to survive 
the freezing winter and breed successfully (Kristensen 1982). Cyclomorphosis 
is also seen in some cryoconite and moss-dwelling species (Dastych 1993, 
Rebecchi and Bertolani 1994). On sandy shores in intertidal zones, 
Echiniscoides species and some other tardigrade species are found in algae 
and acorn barnacles (Kristensen and Hallas 1980, Grimaldi de Zio et al. 
1983). In the intertidal zone, individuals have to cope with low tide and periods 
of desiccation; some species are able to enter cryptobiosis whilst others have 
to move to areas that retain water (Nelson 2002). 
 
Freshwater 
Hydrophilous tardigrades are found only in permanent freshwater 
ecosystems, they are benthic and primarily found on aquatic plants or in 
sandy sediments in streams, rivers, lakes and ponds (Nelson 2002). Some 
are found in deep lakes (up to 150m) but the majority dwell in the littoral zone 
(Ramazzotti and Maucci 1983). Tardigrades are also found in cryoconite 
holes in glaciers where they have to deal with freezing on a regular basis, a 
species of Hysibius is found here which undergoes cyclomorphosis to cope 
with the harsh conditions (Dastych 1993). Hygrophilous tardigrade species 
are usually found living in moist moss cushions but can also be found in 
freshwater habitats. Eurytopic species, such as Milnesium tardigradum and 
Macrobiotus hufelandi can survive in varying moisture conditions and 
although they are a terrestrial species they are also found in freshwater 
systems. Few studies focus on the edges of freshwater systems, where 
community composition of hydrophilous, hygrophilous and eurytopic species 
may show the effects of seasonality on population composition and densities.   
 
Terrestrial 
The majority of tardigrade species inhabit terrestrial ecosystems and can be 
found in bryophyte cushions, lichens, bark, leaf-litter and soil (Ramazzotti and 
Maucci 1983, Kinchin 1994). In terrestrial systems tardigrades have to cope 
with alternating periods of wet and dry and many species can enter 
cryptobiosis as a result. This has enabled species to populate harsh, extreme 
environments such as polar and high altitude regions (Bertolani et al. 2004). 
Studies have tried to identify the factors that determine tardigrade distribution 
and density but in many cases the results between studies have been 
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contradictory. Factors such as altitude, bedrock type, rainfall, temperature and 
plant species have been suggested as affecting tardigrade distributions. 
Dastych (1980) found that the number of individuals increased with altitude 
whilst the number of species decreased slightly in his study in Tatra National 
Park in Poland. However, Dastych (1987) and Rodríguez (1951) found that 
the number of tardigrade species increased with altitude. In a study by Guil et 
al. (2009) tardigrade richness was highest at 1000-2000 m. asl and lowest at 
0-500 m. asl, however in other studies, richness was at is highest between 0-
500 m. asl (Utsugi et al. 1997, Collins and Bateman 2001). This suggests that 
other variables contribute to the distribution and diversity or tardigrades in 
these areas. Some authors have categorised tardigrade species into groups 
based on altitudinal ranges and localities (Ramazzotti and Maucci 1983, 
Dastych 1987) whilst others have found no relationships in these species 
between altitude and distribution (Kathman and Cross 1991, Kaczmarek et al. 
2011). In a study by Herrera-Vásquez and Vargas (2003), clear altitudinal 
preferences for areas above 1000 m. asl were seen in Echiniscus angolensis 
and Echiniscus bigranulatus however some species including Milnesium 
tardigradum showed no altitudinal preferences. The varied results from these 
studies may be due to other variables within the study areas or due to a lack 
of replicas within the study (Kaczmarek et al. 2011). 
 
Some studies have suggested a relationship between bryophyte or lichen 
species and tardigrade abundance and diversity. Hofmann (1987) found 
associations between five moss species and four tardigrade species and 
Dastych (1987, 1988) found weak associations between tardigrade 
distribution and bryophyte species and type, substrate type and habitat type. 
Other studies have not shown there to be associations between moss species 
and tardigrade distribution (Nelson 1975, Ramazzotti and Maucci 1983, 
Kathman and Cross 1991). Kaczmarek et al. (2011) studied the ecological 
factors affecting the distribution of tardigrada in Costa Rica and found that 
altitude had the most influence on distribution. They also saw some 
correlation between plant formation, with 40.6% (26 species) showing a clear 
correlation with plant formation type and 7.8% showing no correlation. A 
higher diversity was found in mosses than in lichen and liverworts and also in 
samples collected from rocks or trees as opposed to samples from soil and 
leaf litter, however these results may be due to uneven samples taken from 
the bryophyte species and the substrates.  
 
It is suggested that the tardigrade distribution is influenced by the climatic 
conditions that occur at various altitudes as they show a preference for areas 
of high humidity. Plant communities are determined by humidity and 
temperature and are therefore also determined by altitude, which is why we 
may see a correlation between tardigrade distribution and plant species 
(Kaczmarek et al. 2011).  A number of factors have been suggested for 
influencing distribution in moss inhabiting tardigrada including season and 
temperature (Schuster and Greven 2007), food availability   reven and 
 chu  ttler       and moisture within the moss cushion  right     ,   nsson 
2007). The inconsistencies between the studies show a need for further, more 
in depth studies where a large number of samples with a large number of 
replicas are taken. These studies need to consider the other variables that 
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may affect tardigrade distribution, such as altitude, habitat and substrate as it 
has been suggested that tardigrade distribution and density is determined by 
microhabitat factors (Kathman and Cross 1991, Guil et al. 2009). 
 
Biogeography and Dispersal 
As a phylum, Tardigrada have a worldwide distribution however the 
biogeography remains unknown (McInnes 1994). This is a result of the 
uncertain species identification and a bias of taxonomic studies in selected 
habitats and geographic areas   uil     ,  uil and  abrero- a udo      . 
There are a number of species with high tolerances and wide ecological 
requirements that are considered to be cosmopolitan (Nelson 2002). 
Milnesium tardigradum, Minibiotus interedius and Macrobiotus hufelandi and 
considered to be cosmopolitan species however it may be that they are 
species complexes (Bertolani and Rebecchi 1993, Claxton 1998). These 
species have wide distributions, which may be due to their ability to enter 
cryptobiosis and thus survive in a range of conditions where species without 
this ability would not be able to survive. There are also a number of rare and 
endemic species; these tend to be species that have narrow tolerances for 
environmental conditions (Nelson 2002). A number of species from the 
homothermic springs in Greenland are considered endemic (Kristensen 
1982). Further studies are needed to determine the biogeography of 
Tardigrada and whether there truly are cosmopolitan species. 
 
Little is known on the dispersal of aquatic tardigrades although it may be 
possible that in periods of high rainfall, active tardigrades are distributed 
within river systems. As they rarely have the ability to enter cryptobiosis they 
are unable to disperse in this form unlike terrestrial species (Nelson and 
Marley 2000).  Cysts, tuns and eggs of terrestrial tardigrades are usually 
passively dispersed by wind however active and latent states can also be 
dispersed by floodwater, melting snow and rain (Ramazzotti and Maucci 
1983). The ability to enter cryptobiosis and thus be passively dispersed by the 
wind enables terrestrial tardigrades to disperse over wider distances than they 
would be able to in their active forms.  
 
Population and Community Interactions 
Tardigrades have a buccal apparatus that they use for feeding on plant cell 
fluids, algae, protozoa, bacteria and small tardigrades and invertebrates 
(Kinchin 1994). It is suggested that the type of buccal apparatus corresponds 
to the type of food consumed by the tardigrade (Nelson 2002). There are 
carnivorous species, such as Milnesium tardigradum that feeds on rotifers and 
nematodes (Suzuki 2003), and omnivorous species, such as Batillipes 
species which feed on diatoms and algae (Marcus 1928). Larger species of 
Milnesium and Macrobiotus have been seen to feed on smaller eutardigrades, 
nematodes and rotifers (Nelson 2002). Fungi and parasites have been known 
to infect tardigrade populations and predators include invertebrates such as 
mites, larvae, spiders, nematodes and other tardigrades (Ramazzotti and 
Maucci 1983). Milnesium tardigradum  and Ramazzotius oberhaeuseri have 
been seen to carry the protozoan Pykidium tardigradum on their surface and 
although this relationship is seen as symphoriont (Morgan 1976). In some 
cases there can be as many as 35 protozoans on the surface of an individual 
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tardigrade which obstructs movement and could therefore be considered a 
parasite (Vicente et al. 2008). The fungus Lecophagus antarticus attacks 
tardigrades on cyanobacterial mats in lake sediments (McInnes 2003) and the 
fungus Ballocephala pedicellata is known to attack moss-dwelling Hypsibius 
dujardini and Diphascon pingue (Pohlad and Bernard 1978).  
 
Population densities of tardigrades tend to be patchily distributed and highly 
variable and changes have been linked to environmental conditions. Studies 
have associated air pollution (Steiner 1994), food availability (Hallas and 
Yeates 1972) temperature and moisture (Briones et al. 1997, Morgan 1997) 
with changes in population densities of tardigrades and it may be that 
predation, parasitism and competition also have an affect (Nelson 2002). A 
reduction in tardigrade density within epiphytic moss species was seen with 
poor air quality in Ohio, USA (Meininger et al. 1985). However further 
research is needed to assess which of these factors have the most effect on 
population densities and on the specific environmental and feeding 
requirements of the various species of tardigrades.  
 
Conclusions 
Further research is required to determine the biogeography of tardigrada and 
to assess whether cosmopolitan species are in fact species complexes 
(Bertolani and Rebecchi 1993, Claxton 1998). Tardigrada have a global 
distribution including areas that have variable and extreme conditions as the 
ability to enter latent states allows colonization in otherwise inhospitable areas 
(Nelson 2002). However, the factors affecting distribution and population 
density still remain unanswered and future research is needed in this area. To 
understand the effects of these factors, sampling needs to occur in a variety 
of different locations with varying climatic conditions, altitudes and 
microhabitats and high numbers of samples and replicas need to be collected. 
Future research is needed in these areas to understand the ecology of this 
group, which is currently poorly understood (Nelson 2002).  
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